Objective. To assess operator-, examination-, and patient-related factors, affecting patient movement and re-exposure in cone beam computed tomography (CBCT) examination. Study Design. The sample consisted of 248 CBCT examinations in 190 patients video-recorded during examination. Three observers scored the videos; the patient moved or did not move. Operator-, examination-, and patient-related factors were evaluated separately (chi-square test) and by multivariate regression analyses (patient movement and re-exposure as separate outcomes).
Radiation from x-rayebased diagnostic methods is potentially hazardous to the population, particularly children, who are three times more susceptible to radiation compared with adults. 1, 2 Most international organizations responsible for evaluating radiation risks agree that there probably is no low-dose radiation "threshold" and that no amount of radiation should be considered absolutely safe. 3, 4 Worldwide, the use of cone beam computed tomography (CBCT) is increasing, and although radiation dose varies considerably, it is still higher than most traditional twodimensional radiographic methods in dentistry. 1 Therefore, minimizing radiation exposure from CBCT is essential. 5, 6 It is a pragmatic recommendation that CBCT units should be operated in a way that no more than 5% of the examinations are classified as unacceptable (theoretically leading to a re-exposure). 1 CBCT imaging has some inborn drawbacks, such as the presence of artefacts in the images. 7 To date, motion artefacts have not been studied in detail. [7] [8] [9] [10] [11] In most CBCT units, the patient is sitting or standing and not lying down, as is the case in multislice CT units. Therefore, one could expect that the prevalence and characteristics of CBCT-based motion artefacts are different from those reported for multislice CT. 12 Motion artefacts in CBCT imaging are connected to the relatively long image acquisition time (5-40 seconds), since it is difficult to perfectly immobilize the patient, particularly young children and less cooperative older patients, for such a long time. [13] [14] [15] Patient movement is known to lead to image artefacts, such as black and white stripes or double contours, which may hamper the diagnosis. 11, 16 When movement is detected, leading to compromised image quality, reexposure may be needed, which then doubles the radiation dose to the patient.
The aim of this study was to assess operator-, examination-, and patient-related factors with impact on patient movement and re-exposure in CBCT examination.
MATERIALS AND METHODS Sample characteristics
The sample consisted of 248 CBCT examinations performed in 190 patients (122 females and 68 males; average age 32 years, range 9-84 years), at the Department of Dentistry, Aarhus University. Patients had no history of systemic disorders, such as Parkinson disease, which could lead to spontaneous movement during CBCT examination. The CBCT examination was performed on a Scanora 3-D unit (Soredex Oy, Tuusula, Finland) by one of three experienced operators (radiographic technicians). In this unit, patients were seated, with a chin-rest used to stabilize the mandible and two vertical plastic bars (one in each side) to stabilize the position of the head. The settings (field of view [FOV]/resolution) for each patient were selected on the basis of the region to be examined and on the diagnostic task in question. Scanning time was 17 seconds for the large FOV (7.5 Â 14.5 cm, 0.30 mm resolution) and 22 seconds for the small FOV (6 Â 6 cm, 0.13 mm resolution).
Patients agreed to be video-recorded during the CBCT examination. According to Danish regulations, an approval by an ethical committee was not required, since the CBCT examination was requested by the patient's clinician, and the video cameras did not interfere with the examination.
Video recording and editing
All patients were video-recorded during CBCT examination as previously described. 17 Briefly, a highdefinition camera (Legria HSF21, Canon, Japan) was located on each side (right and left) of the patient, at 45 degrees in relation to the patient's long axis and with approximately 1 meter distance to the patient's face. Using dedicated software (Easy Video Cutter, AVN Media, Chatsworth, CA) videos were cropped to fit the examination time (in which the CBCT arm containing the RX tube moved around the patient). Cropped videos were saved as audioevideo interleaved (AVI) files, keeping the native resolution and speed.
Reference standard for patient movement and reexposure Three observers (dentists working with CBCT) assessed the videos individually on a 24-inch flat screen monitor (Dell P2412 H, Dell Inc., Round Rock, TX). The videos were displayed in dedicated software (Media Player Classic, MPC-HC team; http://mpc-hc. org/) in full screen in a blinded manner and random sequence. The two videos of a patient were displayed as a sequence. Observers were trained to detect patient movement on the videos, in particular to distinguish between soft tissue movement and eye blinking or head movement. They were seated in front of the monitor and were not interrupted during the assessment. Videos could be stopped, replayed, and played in slow motion as many times as the observer thought it necessary. Observers scored the videos (left and right camera separately) on a dichotomous scale: (0) no head or mandible movement and (1) head or mandible movement. In those cases in which the opinion of one of the observers differed from the others, a consensus among the three observers was reached in a subsequent session, in which the videos were watched again.
The need for re-exposure had been decided by the operator at the time when the patient was examined. In one case, the patient was recalled on a separate day for re-exposure. This was deemed necessary by the oral and maxillofacial radiologist, who was to do the diagnostic report, due to severe artefacts in the images. Number of re-exposures was thus counted.
Factors affecting patient movement and re-exposure Additionally, factors that might have an impact on patient movement and re-exposure were recorded by the observers during assessment of the videos. These were operator-related factors: patient's head position (correct or incorrect, based on Frankfurt and mid-sagittal planes), patient's chin position (correct or incorrect, based on the fitting of the chin in the chin-cup), presence of cotton rolls to stabilize patient's jaws (no or yes), CBCT unit arm touching patient's hair during the examination (no or yes); examination-related factors: FOV (small or large), and, only for re-exposures, the diagnostic task (impacted mandibular third molar or periapical region or impacted maxillary canines, temporomandibular joint [TMJ], or implant planning); and patient-related factors: age ( 15 years or !16 to 30 years or !31 years), gender (male or female), eyes closed during (most of) the examination (yes or no). Study patients were split into three age groups, based on the observation of "age-clusters" in the evaluated sample ( Figure 1 ). This would compromise the use of patients' age as a continuous variable.
Statistical evaluation
Commercially available software (SPSS 13.0, Apache Software Foundation, Los Angeles, CA) was used for data evaluation. Interobserver agreement for detection of movement was calculated by k-statistics. The relationship between the independent factors and patient movement and re-exposure were initially evaluated separately for each factor (chi-square test). Factors that obtained a test result of P .2 in this initial analysis were included in the multivariate regression analysis, with patient movement and reexposure as separate outcomes (level of statistical significance was P .05).
RESULTS
Of the 248 CBCT examinations, 102 were performed for evaluating impacted mandibular third molars, 50 for periapical region evaluation (endodontic or periodontal problems), 48 for impacted maxillary canines, 35 for TMJ evaluation, and 13 for implant planning. The number of examinations in which patients were recorded to have moved ranged from 42 to 60, depending on the observer. Mean interobserver k for detection of patient movement was 0.73. After the consensus session, it was agreed that in 52 examinations (21%), the patient had moved his or her head. Patient movements in relation to operator-, examination-, and patientrelated factors are shown in Tables I, II, and III. From the variables included in the multivariate logistic regression analysis (Table IV) , only age 15 years or less (P < .001; odds ratio [OR] ¼ 11.03; 95% confidence interval [CI] ¼ 4.14-29.42) was eventually significant. For patients in the age group 15 years or less, the risk for movement was thus 11 times higher than for patients in the age group 31 years or greater. If age was not included as a factor in the regression analysis, presence of cotton rolls (P < .001; OR ¼ 4.81; CI ¼ 2.33-9.96), and CBCT unit arm touching patient's hair during the examination (P ¼ .02; OR ¼ 2.76; CI ¼ 1.15-6.60) were significant impact factors.
There were 16 re-exposures (6.4%): 14 were due to FOV adjustments, one due to a computer error, and 1 due to severe artefacts. Re-exposures in relation to operator-, examination-, and patient-related factors are shown in Tables V, VI, VII, and VIII. From the variables included in the multivariate logistic regression analysis (Table VII) , only the use of a large FOV (P ¼ .04; OR ¼ 5.82; CI ¼ 1.07-31.66) was eventually significant. For those cases in which a large FOV was used, the risk for re-exposure was almost six times higher than when a small FOV was used.
DISCUSSION
In contrast to what has been reported in the literature for multislice CT, 18 few studies exist on the prevalence and characteristics of CBCT-based motion artefacts. 7, 11, 17, 19 It is known that head movement may result in motion artefacts in CBCT images (leading to degraded image quality), 11 but no studies have focused on understanding the factors leading to patient movement. In the present study, our objective was to assess operator-, examination-, and patient-related factors related to patient movement and re-exposure in a CBCT examination in which a unit with a seated patient is used.
In one of the executive opinion statements of the American Academy of Oral and Maxillofacial Radiology (AAOMR), under the chapter "Radiation Safety and Quality Assurance," the need for welldefined procedures for dose optimization in facilities operating CBCT units is included. 20 This aims at minimizing radiation risk to the patient, keeping up with the ALARA (As Low As Reasonably Achievable) principle. 1, 21 Current European guidelines ratify the AAOMR statement, adding that "assessment of the clinical quality of images should be a part of a quality-assurance program for CBCT," making sure that no more than 5% of CBCT examinations should be classified as "unacceptable," leading to a re-exposure of the patient. 1 Still In our study, 6.4% of the examinations were redone. Current guidelines suggest that "over a specified time period, a record is kept of radiologic examinations that are rejected and that require repeats to be performed, with the date and the reason for the rejection (e.g., area of interest not imaged, image blurred etc.) and the cause if known (e.g., incorrect positioning, patient movement etc.)." 1 Of the re-exposures in our study, almost 90% were related to FOV adjustments, which could be translated as the area of interest not being imaged. Most of these were in cases in which two regions of interest were intended in the same examination but were located too close to the edges of the selected FOV (e.g., both TMJs or superior and inferior impacted teeth in the same FOV). Of course, the intention had been to avoid excess radiation to the patient by selecting a large FOV instead of two smaller FOVs. However, recent studies show that the dose from two small-FOV CBCT examinations may be lower than the dose of one CBCT examination using a large FOV, depending on the selected settings. 1, 22 One could suggest that the protocol for TMJ examination, for example, is changed to consist of an examination for each joint separately using a smaller FOV, but this demands further validation.
Patient movement per se was not a factor that often resulted in re-exposure (only one case), and it may be speculated whether there should have been a sharper focus on that parameter when deciding on re-exposure. Even minor patient movements, which might be difficult to perceive (and therefore do not label an examination as unacceptable), contribute to a discrepancy between the image dimensions and reality. 1, 23 This is connected to the fact that the image reconstruction process does not account for the motion, since no information on movement is integrated in it. 7 Therefore, if the object of interest is dislocated during exposure, the geometry by which the images for threedimensional reconstruction has been acquired does not fit the inborn geometry used for the reconstruction based on predefined algorithms. 11 Which types and magnitudes of movements will hamper the diagnostic outcome of the examination and therefore should lead to a re-exposure are yet to be explored. 23 Ideally, the balance between the detection of patient movement and a diagnostic "threshold" for when this movement Yes  49  3  49  3  30  22  40  12  No  192  4  193  3  173  23  178 is deleterious to the image should define the need for reexposure. Nevertheless, patient motion should be avoided as much as possible and the factors affecting movement determined. The prevalence (21%) of movement found in our study is in agreement with previously reported results, 17 but one must keep in mind that this value may be related to the specific type of CBCT unit used, in which the patient is seated during examination. At present, no studies on the possible interaction between patient position (sitting, standing, or supine) and the prevalence of patient movement have been performed.
The reference standard for patient movement used in the present study, based on the detection of movement in video recordings, was previously validated. 17 It allows detection of movement with high specificity (i.e., observers almost never score patient movement when it is not present), and medium high sensitivity (observers rarely miss patient movement when it is present). 17 Logically, the operator positioning the patient has an influence on the examination result, and a cotton roll stabilizing patient's jaws and CBCT unit arm touching patient's hair were found to be significant factors when assessed separately. Both factors should be taken into account when developments for CBCT unit tools are discussed, improving patient positioning and centering of small FOVs together with a better head support 1,2,23 All hardware solutions that have been developed to fix the patient's head in a steady position have their limits (e.g., cannot eliminate small movements caused by swallowing) 16 ; however, further studies evaluating the impact of the various devices for patient fixation available in the market (e.g., chin rests, bite pieces, and head restraints) should be considered in the development of better rests for the patient.
The patient being a child was logically the major factor related to movement, and it had an even higher impact on movement than might have been expected (OR: 11). This means that for the pediatric population, further impact factors and means to reduce motion must be explored in the future. A separate analysis of the pediatric group for other factors affecting movement was not plausible in this study because of the rather small number (56) of children included in the study. Age was recoded into three groups, reflecting observed "age clusters" connected to the relationship between age and commonly requested diagnostic tasks (e.g., impacted maxillary canine group and impacted third molar group): younger than 16 years, between 16 and 30 years, or older than 30 years. The defined age groups also reflect guidelines for age-related susceptibility to radiation. 1 A previous study suggested that an initial dry-run scan, or scanning with the patient's eyes closed, would avoid or at least reduce patient movement during CBCT examination. 23 The hypothesis that the patient closing his or her eyes during examination would influence movement 23 was, however, refuted in our results. Besides the patient-related factors evaluated in this study, additional factors could be suggested, such as patient "size." One should then evaluate which parameter should be used to define size (e.g., subjective evaluation, fixed measurements, body mass index) before further developing this topic. It could further be speculated that examination-related factors, such as FOV and resolution, would also influence movement, since these factors are closely related to examination time (e.g., small FOV in 0.13 mm resolution has a longer examination time compared with the large FOV in 0.30 mm resolution). A natural presumption would be a higher prevalence of patient movement when examination time is longer as a result of the patient becoming tired during the examination, but this was not the case in the present study. Assessing operator-, examination-, and patientrelated factors related to patient movement and reexposure in CBCT examination is a highly relevant issue to determine how to train professionals working with CBCT. This is in line with the guidelines of the European Association of DentoMaxilloFacial Radiology (SEDENTEXCT Project) 1 on the continuing education and training of professionals performing CBCT examinations. 1 Undoubtedly, developing stronger team training protocols, personalized to control factors with impact on patient movement and re-exposure, is mandatory to significantly improve radiation safety in CBCT examination. The effect of training will be addressed in a future study.
CONCLUSIONS
The present study shows that operator-, examination-, and patient-related factors may affect patient movement and re-exposure in CBCT examination. Patient age 15 years or less is a factor with a high impact on movement, whereas the use of a large FOV is associated with re-exposure. Well-defined training protocols on how to position and instruct the patient for CBCT examination must be further developed.
